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calculated mutual induction. S,uppo,ce, for instance, a contact- 
breaker makes and breaks contact in the priiiiary circuit with 
:t known frequency, and allows the impulses one way in the 
secondary coil to go round one coil of a differentially-wound 
flywheel-gnlraiiometer. A constant current in the other coil 
is regulated to  oppose these iinpuises; and from these the 
ohm might be got. Either tlie contacts must be made slowly 
enough foi the current in the primary to come to its perina- 
nent value, or x correction must be niade for the error. There 
is also a small error duo to capacity. This suggestion is made 
with hesitation, as it seems probable that soinehody must have 
thoiight of the nvraiigement or tried it. It is infinitely easier 
to khink of a novelty, or mi nppareiit novelty, than to find out 
whether it is really new. For instance, 011 looking the matter 
tip a little for this note, the writer found that the null method 
of comi.xring the coefficients of mutual induction of coils is 
inentioned in a footnote to Rrillouin's elaborate memoir on 
the coinparison of coefficients of induction. Maxwell also 
mentions a loaded differential galvanometer for comparing 
frequent condenser-discharges with a known current. Royti's 
method is also given in Masc:irt and Joiibert's book. 
II. On the Electvical Resistume qf Ve?~ticaEl~-siLspen~e~ iViws. 
FROM t8he esperiiiients to be described in this paper, it ap- 
])ears probable that the electrical resistance of vert(ical1y- 
suspended copper and iron wires alters to a sniall extent with 
the direction of the current t"ersing them, If the wire 
is of coppcr, the resistance is slightly greater when the cur- 
rent goes upwards than \\-hen itJ goes downwards ; while, on 
the other hadd, the resistance of an iron wire is apparently 
h ureater for downward than for upward currents t. 
By SHELFORU BIDWELL, M.A., Il..R.S.* 
* Read March 12, 1887. 
f Venturing to imitate the fanciful analogy used by Sir William 
Thomson, who, in discussing the theriiioelectric effect now universally 
associated with his name, speaks of the ' I  specific heat " of electricity, we 
may perhaps also speak of tho " specific gravity " of electricity, and say 
tlint (lilic its specific hrtit) i t  is positive ill ccipper and negative in iron, 
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The arrangement employed for exhibiting this effect is 
shown in the annexed diagram. A wire, A E, of the material 
to be tested is suspended a t  its middle point, P, from o support 
10.5 metres above a metre-bridge, to the terminals, TT’, of 
which the ends of the wire are connected. Another wire, C, 
is soldered a t  one end to P, and connected through the gal- 
vanometer, G, with - e slider, S. A resistance of 100 ohmn 
is inserted in each of the gaps, R R’, and a commutator, K, is 
interposed between the two-cell battery, D, and the bridge. 
With this arrangement, supposing that the two halves of 
the wire A B  are of uniform sectional area and in the same 
physical condition, and that the various parts of the apparatus 
are in fair order and adjustment, there will be a balance when 
the slider is near the middle division of the scale. And if 
the resistances in the circuit are independent of the direction 
of the current, it is clear that the balance will be maintained 
notwithstanding that the commutator K be reversed. But 
this is found not to be the case. 
A series of experiments was made with a copper wire 
*4 millim. in diameter (No. 28 B.W.G.), and having a total 
resistance of 2-11 ohms. The commutator was first set so 
that the current through the wire passed up the portion B 
and down the portion A (:i. e. in the direction B PA), and a 
balance was obtained by adjusting the slider. The commu- 
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tator was then reversed and the current made to pass up A 
and down B. This at once destroyed the balance, and in 
order to restore it, it was necessary to move the slider several 
divisions towards the right. Assuming that the total resist- 
ance of the wire remains constant, this result may be explained 
by supposing that the reversal of the current is accompanied 
by increased resistance in the portion A, and diminished re- 
sistance in the portion B. Owing to its vertical suspension, 
the resistance of that portion of the wire in which the current 
travels upwards is greater than it would be if the wire were 
placed in a horizontal position, while the resistance of the 
portion in which the current travels downwards is less. 
The experiment was repeated with an iron wire of larger 
size, its diameter being *8 millim. (No. 22 B.W.G.). With 
this the effect of reversal was smaller ; but it was well marked, 
and of the opposite nature to that observed in the former case. 
The readings obtained in the two series of experiments are 
given in the following Table :- 
Number of 
experiment. 
---- 
1. 
2. 
3. 
Copper Wire. 
- 
Current. direct. 
- 
569 
567 
595 
Current reversed. 
633 
637 
651 
Difference. 
- 
- 64 
- 70 
- 56 
Mean difference . . . . . . -63.3 
Iron Wise. 
1. 
2. 
3. 
780 
760 
759 
770 
748 
748 
+10 
+ 12 
+11 
Mean difference . . . . . . + 11 
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I believe these effects are associated with certain thermo- 
electric phenomena discovered by Sir William Thomson. In 
his famous Bakerian lecture, published in the Philosophical 
Transactions for 1856, he showed that if a stretched copper 
wire is connected with an unstretched wire of the same metal 
and the junction heated, a thermoelectric current will flow 
from the stretched t o  the unstretched wire through the hot 
junction ; while, if the wires are of iron, the direction of the 
current will be from unstretched to stretched. It follows, 
therefore, from the laws of the Peltier effect, that if a battery- 
current is caused to flow froni a stretched to an unstretched 
wire, heat will be absorbed at  the junction when the metal is 
copper, and will be, developed at the junction when the metal 
is iron: and if thd direction of tho current is reversed the 
thermal effects will also be reversed. 
Now a vertically suspended wire is unequally stretched by 
its own weight, the stress gradually increasing froni zero a t  
the lowest point to a maxiniuin at the highest. Any sinall 
element of the wire is more stretched than a similar element 
immediately below it, and less stretched than a neighbouring 
element just above it. Thus a current of electricity, in pass- 
ing from the lowest, to the highest point of such a wire, 
is always flowing from relatively unstretched to relatively 
stretched portions. If, then, the wire were of copper, heat 
would be evolved throughout its whole length ; the tempera- 
ture of the wire would rise, and its resistance would conse- 
quently be increased. With a gurrent flowing from top to 
bottom, the temperature of the wire u-ould fa11 and its resist- 
ance diminish. 80 also an iron wire would be cooled and 
have its resistance lowered by an upward current, w6ile a 
downward current would heat it and increase its resistance. 
The changes of 'resistance are thus, as I believe, proxiniately 
due to changes of tempernture. 
'The resistance of the bridge-wire used in my experiments 
v as -244 oL1ii1, and, as alrcady nientioned, an additional resist- 
;ince of 100 ohms was placed in each of the ,gaps adjoining 
tt1c bridge-wire. Denoting the resistance of the Iialf A of 
the suspended wire by a, and that of' B by b, we have, from 
the first experiment with the copper wire (the result of which 
agrees closely with thc. iiieaii) :- 
0-F VERTICALLY-SUSPENDED WLRES. 
For direct currentl, 
a 
b 
100" + -560 x 0244" 
100" + -43 I x -244" 
100139 
- 100105' 
a + b= 2.1 1". 
a= 1.0551792" *, 
b = 1.0548208". 
- =  
- 
Also 
Hence 
For reversed current, 
a 100" + ,633 x -244" 
2, 100"+ *367 x *244' 
100154 
-= 
- - 100090' 
And, as before, 
Hence 
a + b = 2 * l l w .  
1.05533i2°*, 
7 
1) = 1.0546628". 
When therefore the current was reversed, the value of a 
IWS increased by 
l * O X m 7 & -  1.0551792 ohm 
=*000158 ohm. 
This is equivalent to about 16 thonsmclths per cent. 
Assuming that n change of' temperature of 1' C. produces 
an alteration of -4 per ccnt. i n  the resistance, it follows that 
the temperature of the copper wire was 25 degree C. higher 
with an upward than with a downwarcl curreut. 
The current traversing the wire was not measured, but it 
was probably about 1 ampere. 
It will be seen froni the figures in the Table that the 
* Of course the resistances we not really measured to the high degree 
of accuracy suggested by these figures j but any siiinll error of excess or 
defect would be approximately the saine for the two values of a (with 
direct and revereed currents) and would not materially affect their differ- 
ence, to mhich done iinportnnce is attached. 
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changes which occurred in the resistance of the iron wire 
were considerably smaller than those observed in the case of 
copper. This was unexpected, since the thermoelectric effects 
are, I believe, somewhat greater with iron. But the apparent 
anomaly is obviously to be accounted for, at least in part, by 
the higher specific resistance of iron. With the same electro- 
motive force the current' per unit of sectional area would he 
six or seven times greater in copper than in iron, and the 
Peltier effect is proportional to the current. To render the 
results in the two cases strictly comparable, other less impor- 
tant differences, such as those of specific heat and radiating- 
power, would have to be taken into account. 
If a convenient opportunity offered it would be satisfactory 
to repeat the experiments with much longer wires, such as 
might be suepended in the shaft of a coal-pit or in a shot- 
tower. The effects hitherto observed are so small that they 
might possibly be due to accidental causes, and I publish this 
account of them with some diffidence. 
111. On the Production, Properties, and some suggested Uses 
of the Finest Threads. B y  C. V. BOYS, Demonstrator 
of Physics at the Science Schools, South Kensington *. 
I HAVE lately required for a variety of reasons to have 
fibres of glass or other material far finer than ordinary spun 
glass; I have therefore been compelled to devise means 
for producing with certainty the finest possible threads. As 
these methods mag have some interest, and as some results 
already obtained tire certainly of great importance, I have 
thought it desirable to bring this subject under the notice of 
the Physical Society, even though at  the present time any 
account must of necessity be very incomplete. 
The subject mag he naturally divided, as in the title, into 
tliree parts. 
1. Production. 
The results of the natural methods of producing fibres by 
living t,hinga, as spiders, caterpillars, and some other creatures, 
+ti Read Xarch 26,1887. 
